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DESCRIPTION 
VITERBI DECODER 



Technical Field 
5 The present invention relates to a Viterbi decoder 

adopted in maximum likelihood decoding methods for 
performing convolut ional coding and equalizing 
processing of received signals. 



10 Background Art 

Viterbi decoders of this type have high error 
correction capability and are employed in information 
communication systems such as decoding apparatus and 
receiving apparatus for use with transmission schemes 

15 for satellite communication and mobile communication 
where errors are more likely to occur. 

Viterbi decoding accomplishes decoding through 
performing a process of finding the difference (branch 
metric) between received data sequence and expected data 

20 sequence, repeating simple processing (ACS) of addition, 
comparison and selection, and traceback processing of 
decoded data finally. With this Viterbi decoding, every 
time coded data corresponding to one input bit is obtained, 
the distance between signals of the paths of each state 

25 at this time is calculated and remaining paths are found. 

For example, when the coding scheme is convolut ional 
coding, Viterbi decoding processing is performed as 
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follows . 

The convolut ional code is generated from the 
exclusive logical sum of input bit and preceding a fixed 
number of bits and a prefixed number of preceding bits, 
5 and a plurality of coded data is generated in response 
to one input bit. The number of input bits (information 
bits) having influence on this coded data is called 
constraint length and the number is equivalent to the 
number of stages of shift registers used with exclusive 

10 logical sums. 

The coded data is defined by the state of input bit 
and (K-1) preceding input bits. These states shift to 
new states when new input bit is input. However, whether 
or not a state can be shifted is determined depending 

15 on whether the new input is ^^0" or ''1.'' The number of 
states becomes (2K~1) because each of (K-l) bits can be 
^^0" or ^^1." 

In Viterbi decoding, a received coded data sequence 
is observed and the most probable state is estimated from 

20 all possible states. Therefore, in Viterbi decoding, 
every time coded data corresponding to one input bit is 
obtained, the distance between signals (metric) of the 
paths of each state at the time is calculated, and, among 
paths that reach the same state, the path having the smaller 

25 path is left as a remaining path. 

FIG-1 shows that, in a convolut ional encoder with 
a constraint length K, two paths are expanding 
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respectively, indicating state shift from the state of 
S[j] and S[j+m/2] at time t-1 of previous time to the 
state of S[2j] and S[2j + 1] at time t. Here, j represents 
a positive integer number and m represents the number 
5 of states . 

In FIG.l, path metric Al is a sum of the distance 
between signals (branch metric Bl) of expected data 
sequence and received data sequence that are output when 
shifting to state S[2j] and path metric PM [ j ] to state 
10 S[j] at previous time. 

Likewise, path metric A2 represents a sum of the 
distance between signals (branch metric B2) of expected 
data sequence and received data sequence that are output 
when shifting to state S[2j] and path metric PM[j+m/2] 
15 to state S[j+m/2] at previous time. 

Thus calculated path metric Al and A2, which are 
input to state S [2 j ] , are compared, and the smaller path 
is selected as a remaining path . Further , the path metric 
of the selected path is renewed as a path metric until 
20 reaching state S[2j] at present time t. 

In addition, history of which of path metric Al and 
A2 is selected is left as path select signal PS[i] 
( i = 0 2 k- 1 - 1 ) . At this time, when the previous state 
number of the selected path is smaller than the previous 
25 state number of the other, unselected path, PS[i] is 0, 
or is 1 otherwise. 

These processes are performed as many times as the 
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number of times of: the number of states multiplied by 
traceback length. Further, path select signals of: the 
number of states multiplied by traceback length; and path 
metrics of the number of states at final time , are obtained. 
5 After that, traceback is performed and coded data is 
decoded with these information. 

Next, the traceback processing will be explained 
briefly with reference to FIG. 2. FIG. 2 is a trellis 
diagram showing a history of shifting of each state at 

10 the time when number of times of processing of the state 
number multiplied by length, given that constraint length 
is ^'3" and traceback length is ^^7," is finished. 
Numerical values on the line between states represent 
path select signals when each state is shifting and path 

15 described in a solid line is a remaining path. 

In the traceback processing, the path metric of each 
state at the final time is referred to and the state in 
which path the metric becomes the smallest is selected. 
However, when known data sequence is attached to input 

20 data sequence of codeddata as tail bit, the state indicated 
by this tail bit is uniquely selected (assuming S[00] 
is selected in this example) . Next, the state goes back 
to the state one time earlier than the path select signal 
selected at final time. In addition, the path select 

25 signal at this time is output as decoded data. Similarly, 
subsequently, decoded data of traceback length is output 
following back the states (the path shown in bold line 



2F04114-PCT 5 

in FIG. 2) at every unit of time based on the path select 
signal. This processing makes it possible to decode the 
decoded data sequence (in this case, l-»0-»l-»l-^0-^0->0 ) . 

By the way, with this Viterbi decoder, the error 
5 correction capability improves as the constraint length 
becomes larger, and the processing amount increases by 
increasing the constraint length. Therefore, in 
conventional information communication systems, a coding 
scheme having a large constraint length is employed when 

10 information source which requires high error correction 
capability is transmitted, and a coding scheme having 
a short constraint length is employed when information 
source which tolerates a certain amount of errors is 
transmitted. However, with schemes like this, in one 

15 information communication system, signals that are coded 
by a plurality of constraint lengths need to be decoded. 

On the other hand, when equalization processing of 
received signal is performed, it is possible to perform 
equalization processing with higher accuracy by 

20 arbitrarily changing the number of coefficients of the 
estimated transmission path according to the condition 
of the transmission path. However, in order to perform 
equalization processing with high accuracy, the Viterbi 
decoder needs to be versatile and be able to support any 

25 arbitrary number of coefficients of the estimated 
transmission path. 

Especially, in the field of mobile communications 
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adopting the Viterbi decoding method, battery is used 
as a power source to improve the portability of the 
communication terminal apparatus, and so reducing power 
consumption is a material requirement. 
5 For this reason, with conventional Viterbi decoders, 

dedicated hardware has been used to perform routine 
processing such as the calculation of branch metric or 
path metric that does not depend on the constraint length 
or suchlike for reduced power consumption- In addition, 

10 software has been used to perform processing whose 
processing flow is supposed to change according to 
constraint length such as coding from path select signal 
or maximum likelihood decision (for example, see 
Unexamined Japanese Patent Application Publication 

15 No.HEIll-74800) . 

By the way, in the field of mobile communications, 
there is demand for expansion of continuous call time 
of the communication terminal apparatus and reduction 
of battery capacity for improved portability. It is 

20 therefore desirable to provide a Viterbi that supports 
any arbitrary constraint length and any arbitrary number 
of coefficients of the estimated transmission path in 
dedicated hardware configuration requiring little power 
consumption, to realize a communication terminal 

25 apparatus requiring little power consumption, such as 
described above. 

However, with conventional Viterbi decoders, as 
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mentioned earlier, software is used for complex 
processing; therefore, the problem is that it requires 
large amount of power and is difficult to fulfill the 
above-mentioned requirement . 

5 

Disclosure of Invention 

It is therefore an object of the present invention 
to provide a Viterbi decoder of high versatility and low 
power consumption, that can support a variety of 

10 constraint lengths and any arbitrary number of 
coefficients of the estimated transmission path and that 
can be made in dedicated hardware configuration of small 
circuit scale. 

An essence of the present invention is to temporarily 

15 store path select signals over n states, the path select 
signals being determined depending on which path is 
selected, and generate decoded data based on path select 
signals stored sequentially out of the temporarily stored 
path select signals corresponding to the length of a series 

20 of traceback. 

According to an embodiment of the present invention, 
a Viterbi decoder is comprised of a branch metric 
calculation section calculating branch metric of all the 
25 paths from the state at the previous time to the state 
at the present time, an ACS calculation section outputs 
a path select signal decided by the selected path that 
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is selected as the most probable path among the paths 
toward the state at the present time by the branch metrics 
calculated by the branch metrics calculation section and 
the given path metric and path metrics needed for arriving 
5 at the state at the present time, a path metric storage 
section storing path metric output from the ACS 
calculation section, a path select signal temporary 
storage section storing the path select signal of n states 
output from the ACS calculation section, a path select 

10 signal storage section storing the path select signal 
of a series of traceback lengths held in the path select 
signal temporary storage section and a traceback 
processing section generating decoded data base on the 
path select signal stored in the path select signal storage 

15 section. 

Brief Description of Drawings 

FIG. 1 illustrates a path showing a state change of 

a code in a Viterbi decoder; 
20 FIG. 2 is a trellis diagram illustrating an example 

of a state change of a code in a Viterbi decoder; 

FIG. 3 is a block diagram illustrating a structure 

of a Viterbi decoder according to an embodiment of the 

present invention; 
25 FIG. 4 is a block diagram illustrating a structure 

of a path select signal temporary storage section in a 

Viterbi decoder according to an embodiment of the present 
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invention; 

FIG. 5 is a block diagram illustrating a structure 
of a traceback processing section in a Viterbi decoder 
according to an embodiment of the present invention; 
5 FIG. 6 is a flow chart describing an operation of a 

Viterbi decoding of a Viterbi decoder according to an 
embodiment of the present invention; 

FIG. 7 is a flow chart continuing from FIG. 6; and 
FIG. 8 is a circuit diagram illustrating an example 
10 of a decoding circuit with convolut ional code system. 

Best Mode for Carrying out the Invention 

Hereinafter, embodiments of the present invention 
will be explained in detail with reference to the 

15 accompanied drawings . 

FIG. 3 shows Viterbi decoder 100 according to an 
embodiment of the present invention. This Viterbi 
decoder 100, as shown in FIG. 3, is provided with: branch 
metric calculation section 101; ACS calculation section 

20 102; path metric storage section 103; path select signal 
temporary storage section 104; path select signal storage 
section 105; and traceback processing section 106. 

In FIG. 3, branch metric calculation section 101 
calculates the branch metric of all paths from the state 

25 at the previous time to the state of the present time 
with regard to input coded data. Branch metric 101a 
calculated at branch metric calculation section 101 is 
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output to ACS calculation section 102. 

ACS calculation section 102 selects the most probable 
path from paths toward the respective states with branch 
metric 101a output from branch metric calculation section 
5 101 and path metric 103a provided from path metric storage 
section 103. In addition, ACS calculation section 102 
outputs path select signal 102a indicating from which 
state the selected path comes from and path metric signal 
102b required to arrive the respective states at present 
10 time . 

Path metric storage section 103 is provided with a 
memory field storing path metric 102b of the number of 
states output from ACS calculation section 102 and outputs 
path metric 103a to be input to ACS calculation section 

15 102 when ACS calculation is performed at the next time. 
Path select signal temporary storage section 104 stores 
temporarily path select signals of n states generated 
in ACS calculation section 102 and, after storing path 
select signals of the required states, outputs path select 

20 signal 104a of m states (m ^ n) . Path select signal 
temporary storage section 104, as shown in FIG-4, is 
composed of a shift register provided with selector (not 
illustrated) capable of inputting from predetermined bit 
positions. The shift register, as path select signal 

25 temporary storage section 104, changes the input bit 
position according to the coding constraint length and 
the number of coefficients of the estimated transmission 
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path of the system performing Viterbi decoding. 

Path select signal temporary storage section 104, 
shown in FIG. 4, is a shift register storing path select 
signals of eight states. Path select signal temporary 
5 storage section 104 is configured to be able to input 
path select signals to the respective bit positions of 
the first, fifth, seventh and eighth as input bit pos it ions 
from the left side register. For example, when a symbol 
coded with a generator polynomial of a constraints length 

10 of ^M" is decoded by Viterbi decoder 100, the number of 
sates per symbol is eight. Further, these states are set 
S[0], S[l],..., S[7], respectively, and path select signals 
are input to the first register from the left side of 
path select signal temporary section 104 in order of 

15 generation (S[0], Stl],,.., S[7]) in ACS calculation 
section 102 . 

By this means, for path select signals of one symbol, 
path select signals of S[0], S[l],,.., S[7] stored 
respectively in a register of path select signal temporary 

20 storage section 104 in order from the right side register. 
In addition, when a symbol coded with a generator 
polynomial of a constraint length of ^^3" is decoded by 
Viterbi decoder 100, the number of states per symbol is 
four- Further, these states are set S[0], S[l], S[2] and 

25 S[3], respectively, and path select signals are input 
to the fifth register from the left side of path select 
signal temporary sectionl04 in or derof gene ration (S[0] , 
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S [1] , S [2] and S[3]) in ACS calculation section 102. By 
this means, for path select signals of one symbol, this 
makes select signals S[0], S[l], S[2] and S[3] stored 
respectively in a register of path select signal temporary 
5 storage section 104 in order from the right side register. 

In addition, when ACS calculation is performed in 
parallel, two or more path select signals are generated 
simultaneously. In this case, a plurality of generated 
path signals are input simultaneously to several input 

10 ports of path select signals temporary storage section 
104. This eliminates extra processing cycle for store 
path select signals and makes it possible to store path 
select signals in order of predetermined states in a series 
of registers. For example, assume that a symbol coded 

15 with a generator polynomial of a constraint length of 
^M'' is decoded through ACS calculation of both former 
state and latter state in. two parallel sequences. In 
other words, assume that S[0] and S[4], S[l] and S[5], 
S[2] and S[6], and S[3] and S[7] output results 

20 simultaneously. In this case, path select signals are 
input simultaneously to the first and fifth registers 
from the left side of path select signal temporary storage 
section 104 and, in four cycles, path select signals of 
S[0], S[l],..., S[7] are stored in the register of path 

25 select signal temporary storage section 104 from the right 
side register in order. Likewise, assume that a symbol 
coded with a generator polynomial of a constraint of length 
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of ^^3" decoded with ACS calculation of both former state 
and latter state in two parallel sequences. In other 
words, assume that S[0] and S[2], S[l] and S[3] output 
results at the same time. In this case, path select 
5 signals are input simultaneously to the fifth and seventh 
registers from the left side of path select signal 
temporary storage section 104 and, through two cycles, 
path select signals of S t 0 ] , S[l], S[2] andS[3] are stored 
in the register of path select signal temporary storage 

10 section 104 from the right register in order. 

As mentioned above, path select signal temporary 
storage section . 104 is comprised of a shift register 
capable of inputting from predetermined bit positions 
and therefore can store path select signal of a fixed 

15 state in a fixed bit position regardless of constraint 
length of coding used this kind of system. 

That is, the above-mentioned configuration of path 
select signal temporary storage section 104 makes it 
possible to write path select signals in a shift register 

20 for path select signals from any arbitrary bit positions 
according to the constraint length used for coding and 
the number of coefficients of the estimated transmission 
path considered for equalization processing. This makes 
it possible to store path select signals in specific format 

25 (for example, in little endian format) in path select 
signal storage regardless of the constraint length or 
the number of coefficients of the estimated transmission 
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path. Therefore, the configuration eliminates extra 
processing according to the constraint length and the 
number of coefficients of the estimated transmission path 
and eliminates extra processing by software. 
5 Path select signal 104a of n states taken from path 

select signal temporary storage section 104 are input 
collectively or in several times to path select signal 
storage section 105. Path select signal storage section 
105 stores these paths select signals of traceback length 

10 as one word unit. Further, path select signal storage 
section 105 outputs path select signal 105a on a word 
bywordbasis withan address designated by control circuit 
(not illustrated) to traceback processing section 106. 
Traceback processing section 106, as shown in FIG. 5 

15 is provided with barrel shifter (BSHT) 201 for shifting 
path select signal 105a by one word unit retrieved from 
path select signal storage section 105. In addition, 
traceback processing section 106 is provided with data 
decoding shift register 202 that inputs bits that are 

20 shifted to predetermined bit positions by barrel shifter 
201, and is also provided with decoder 203 that decodes 
bit content to predetermined bit positions from input 
bit position of data decoding shift register 202 
corresponding to information of input code. 

25 Traceback processing selects path select signals of 

one state from path select signals of all states in one 
received symbol and performs decoding. For this reason. 
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in this traceback processing, the number of states changes 
depending on the constraint length when performing coding 
and the number of coefficients of the estimated 
transmission path when equalization processing is 
5 performed. 

Traceback processing section 106 generates control 
signal 203a of barrel shifter 201 to select path select 
signal of one state from path select signals of all states 
by decoder 203. That is, traceback processing section 

10 106 is configured such that bit content is decoded from 
input bit position of data decoding shift register 202 
to predetermined bit position according to information 
of input code by decoder 203. This makes it possible to 
decode with traceback processing without an extra 

15 processing of software when the constraint length or the 
number of coefficients of the estimated transmission path 
changes . 

In other words, the above-mentioned configuration 
of traceback processing section 106 makes it possible 

20 to take out path select signals of any arbitrary bit 
positions according to input code information (the 
constraint length used in coding and the number of 
coefficients of the estimated transmission path assumed 
in equalization processing) from path select signals read 

25 from the path select signal storage section. In addition, 
the path select signal taken out can be shifted to data 
decoding shift register 202. This allows the traceback 
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circuit to be implemented in dedicated hardware 
supporting any constraint length or any arbitrary number 
of coefficients of the estimated transmission path. 

Next, the operation of Viterbi decoder 100 will be 
5 explained with reference to the flow charts shown in FIG. 6 
and FIG. 7. Note that the following explanation assumes 
that the received symbol is coded with convolut ional code . 

As shown in FIG. 6, Viterbi decoder 100 receives coded 
data at time t in step STIOOO. The coded data is input 

10 to branch metric calculation section 101. 

In step STllOO, the Hamming distance or Euclidean 
distance between expected received value of in state 
number N and received coded data sequence is calculated 
and branch metric 101a of state number N at time t is 

15 calculated. 

When, for example, received coded data is coded by 
convolut ional coder 300 shown in FIG- 8, with the expected 
received value in state number N, the state number N is 
determined by the value held in shift register 301 of 

20 convolut ional coder 300. In addition, coding output 
sequence 302 is a value which is calculated with a value 
stored in shift register 301 of convolut ional coder 300 
and coded input 303 to convolut ional coder 300, calculated 
at exclusive logical sum gates 304a, 304b and 304c. This 

25 branch metric calculation generates the received expected 
value of a plurality of states simultaneously, and 
therefore it is possible to calculate branch metrics 
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simultaneously when several state numbers and value of 
coded input 303 toward convolut ional coder 300 are 
different . 

In addition, in step ST 1200, butterfly calculation 
5 shown in FIG,1 is performed and ACS calculation is 
performed. In other words, in step ST1200, ACS 
calculation is performed, with path metrics of two states 
at time (t-1) which may be shifted to stat number N at 
time t when time shifts from time (t-1) to time t and 

10 branch metric of state number N at time calculated in 
step STllOO and path metric and path select signal are 
output. Thus, step ST1200 selects remaining path and 
outputs path select signal 102a indicating the selected 
path and path metric 102b of state number N at time t- 

15 In calculating the path select signal and path metric, 
having a plural number of ACS calculation section 102 
makes it possible to calculate simultaneously for not 
less than two state numbers. 

In addition, in step ST1300, path metric 102b 

20 calculated in step ST1200 is stored in path metric storage 
section 103 as the path metric of state number N at time 
t . 

Further, in step ST1400, the path select signal 
calculated in step ST1200 is stored in the shift register 
25 of path select signal temporary storage section 104. At 
this time, bit position inputting path select signal to 
path select signal temporary storage section 104 is 
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changed according to the constraint length when coding 
is performed. This makes it possible to store path select 
signals of a fixed state in a fixed bit position regardless 
of the constraint length of coding used in the system. 
5 Note that the order of step ST1300 and ST1400 can 

be reversed . 

In this case, step ST1500 decides whether or not the 
process of all states at time t is finished. When the 
result of decision turns out that the process of all states 

10 at time t is finished, the process will proceed to step 
ST1600, and when the result of decision turns out that 
the process of all states at time t is not finished, the 
process from step STllOO to step ST1400 will be repeated. 
Step ST1600 decides whether or not the data of the 

15 traceback length has been received. When the result turns 
out that reception of data with traceback length is 
completed, next process is performed in step ST1700 and 
when the result turns out that reception of data with 
traceback length is not completed, process from step 

20 STIOOO to step ST1500 is repeated. 

After that, as shown in FIG. 7, step ST1700 decides 
whether or not traceback start state number is uniquely 
decided and, in accordance with the result of the decision, 
step ST1800 or step ST1900 decide traceback start state 

25 number referring to path metric of respective states. 
That is, when known bits such as tail bit exist in coded 
data, these bits decide traceback start state number and 
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therefore traceback start state number is decided in step 
ST1900. On the contrary, when known bits such as tail 
bit do not exist in coding date, traceback start state 
number is decided in step ST1800 referring to path metric 
5 of each state stored in path metric storage section 103. 

In addition, step ST2000 retrieves path select 
signal at time t stored in path select signal storage 
section 105 and shifts the content of path select signal 
according to traceback starting position by barrel 

10 shifter 201. That is, path select signal in symbol 
received at the last time is retrieved from path select 
signal storage section 105, the content of the path select 
signal is shifted by barrel shifter 201 according to 
traceback starting position and bit ina fixedbit position 

15 is obtained. 

In addition, step ST2100 substitutes the output of 
barrel shifter 201 (shift result) obtained in step ST2000 
in data decoding shift register 202. 

Further, step ST2200 returns to one previous time 

20 and step ST2300 retrieves path select signal of one time 
previous to time when previously retrieved path select 
signal was generated from path select signal storage 
section 105. This path select signal is shifted by barrel 
shifter 201 according to content of the path select signal 

25 to bit position in proportion to constraint length in 
data decoding shift register 202. This makes hardware 
accomplish traceback processing in Viterbi decoding which 
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corresponds to various constraint lengths. 

Further, step ST2400 decides whether or not t equals 
0. When the result of decision is that t equals 0, 
above-mentioned series of processing is completed, and 
5 when the result of decision is that t does not equal 0/ 
the processing from step ST2100 to step ST2300 is repeated. 
When traceback processing of all received symbols or 
symbols of the traceback length are completed, Viterbi 
decoding is completed. 

10 As described above, embodiments of the present 

invention make it possible to decode by traceback 
processing without an extra processing by software 
although when constraint length and the number of 
coefficient of estimated transmission path change. 

15 In other words, Viterbi decoder can be comprised of special 
hardware of small circuit scale and lower power 
consumption can be realized compared to processing 
performed by conventional DSP. 

This application is based on Japanese Patent 

20 Application No. 2003-280274, filed on July 2 5 , 2003, the 
entire content of which is expressly incorporated by 
reference herein. 

Industrial Applicability 
25 A Viterbi decoder according to the present invention 

provides advantages of supporting a variety of constraint 
lengths and any arbitrary number of coefficients of the 
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estimated transmission path and can be configured with 
dedicated hardware of small circuit scale that is 
versatile and that requires little power consumption, 
and the Viterbi decoder of the present invention is 
therefore useful in maximum likelihood decoding method 
performing convolut ional coding and equalization 
processing of received signals. 



